The analysis of heat flow, seismic, and topographic data collected in the northern NorwegianGreenland Sea reveals an asymmetric evolution of the Eurasian and North American plates. These data are compared to predictions from three kinematic models of extension which produce asymmetry about the Knipovich Ridge: (1) uniform asymmetric pure shear, (2) lithospheric simple shear, and (3) rift/ridge jumping. The data are consistent with a range of deformation scenarios, from one ridge jump occurring at about 25 m.y. after the initiation of spreading to continuous asymmetric extension. The simple shear model can match the data only when a detachment fault dips more steeply than 45 ø under Svalbard. Tectonic and heat flow evidence suggests that asymmetry may have evolved from a combination of all three models. When the Mohns Ridge (propagating to the east) encountered the preexisting northward trending Spitsbergen Shear Zone, the direction of ridge propagation shifted to the north, being influenced by the abrupt change in the regional stress field at the shear zone-ridge axis intersection. As a result, the nascent Knipovich Ridge entered into and propagated along the shear zone. Consequently, formerly active shear faults became the new detachment surfaces along which new crust is minted and asymmetrically extended. (Figure 3b) . A propagating rift entering the shear zone would shift its extensional mode from pure to simple shear because rifting along a detachment fault would create extension preferentially on the "lower plate" side of the fault as the lower crust and mantle lithosphere would be dragged in one direction from underneath the fracturing and extending upper crust (Figure 3b) . If extension continued for a long time, then oceanic crust would develop asymmetrically on one side of the detachment fault. Owing to the thermal response of the asthenosphere, it is hypothesized that mantle underplating might result underneath the upper continental plate, placing ultramafic assemblages subjacent and adjacent to continental crust. In addition, upper plate margins should be more uplifted than lower plate margins and characterized by few but steeply dipping throughgoing faults on their upper crustal surfaces. Resulting from the geometry, heat flow through the crust would be highly asymmetric as well.
Farther to the north the North American-Eurasian plate boundary appears as a structurally complex region, where northeast trending ridges interpreted as transform faults separate wide basins interpreted as oceanic crust. The plate boundary is believed to continue into the Arctic Ocean along a deep trough that was once called the Spitsbergen Fracture Zone (before at least one small spreading center was discovered within it), and its detailed structure is still not well known [Talwani and Eldholm, 1977 [1987] believe that the Hovgfird Ridge is a piece of continental crust slivered off of the eastern continental margin during episodes of transtension and northward rift propagation.
Complicating the northward propagation scenario are the Molloy Ridge and the Lena trough. Eldholm et al. [1990] suggest that the Lena Trough is an obliquely opening remnant of the Spitsbergen Shear Zone, much the same as the Knipovich Ridge only more poorly mapped. Crane et al. [1982] suggested that sections of the northern Spitsbergen Shear Zone (the Lena Trough) had been invaded by rift propagation southward from the Nansen Ridge. They inferred that the Molloy Ridge might also have developed before the northern Knipovich Ridge because the Molloy Ridge was farther away from the Svalbard continental margin, suggesting more developed spreading.
If propagation did proceed from the Nansen ridge south into the Spitsbergen Shear Zone, then much of the Lena Trough may be broken up into pull-apart basins and small offset transform faults. If propagation is only progressing from south to north, then the Lena Trough may be a region primarily under shear. In either case, spreading on the Knipovich Ridge would have originated in the south. Thus rifting and spreading should be structurally and thermally advanced in the south compared to the northern part of the ridge axis. Consequently, one should be able to map changing fault structures and geophysical parameters from south to north, corresponding to a near-extensional regime in the south to a near-shear regime in the north, respectively. The degree to which different sections of this ancient shear remain a transform fault, a region of transtension, or a fully fledged spreading center is not well known as bathymetric tionary models for the Knipovich Ridge. In the following sections we numerically test the asymmetric pure shear, simple shear, and ridge jump extension models against the collected heat flow and topographic data sets to see which could explain the onset of apparent asymmetric rifting from the Knipovich Ridge.
HEAT FLOW
One way to assess the mode of asymmetric rifling in the Norwegian-Greenland Sea is to analyze heat flow from the plateaus, ridges, and basins in this region. Crane et al. [ 1982] made the first attempt at a regional thermal map. They showed that the northern part of the "Spitsbergen Fracture Zone" is probably broken into at least three segments separated by small pull-apart basins. Heat flow was discovered to be abnormally high on the northwest segment of the Yermak Plateau adjacent to the "fracture zone" (Figure 4 (Tables 5-7) . In this manner, by comparing the predicted surface heat flow with the observed, we can estimate the half spreading rate across the Knipovich Ridge. We must go through these steps to find the spreading rate because there are no discernable magnetic anomalies in the region. If these models are appropriate, then one can estimate the age of the continental/oceanic crustal transition. Once these comparisons have been made, we can investigate the asymmetric extension models more thoroughly.
SHEAR ZONES AS TRANSTENSIONAL MARGINS THERMAL AND STRUCTURAL MODELS OF OPENING
There is an infinite variety of strain patterns which produce asymmetric rift development. Here we will consider three classes of strain patterns which are not symmetric. We calculate the thermal and isostatic effect of a given strain field on the evolving rifted crust.
Asymmetric Pure Shear Extension
Asymmetric pure shear causes extension of the lithosphere composed of a brittlely deforming upper layer over a ductily deforming lower layer producing an asymmetric lithospheric cross section as a result of migration of the rift walls in a direction not coinciding with the direction of spreading. The model may be characterized as migrating symmetric pure shear. We first define a region of pure shear In the case of a rift jumping eastward from one position to another in the Norwegian-Greenland Sea (Figures 14a and  14b) 
CONCLL•ONS
The analysis of heat flow and topographic data collected in the northern Norwegian-Greenland Sea reveals an asymmetric evolution of the Eurasian and North American plates about the Knipovich Ridge. A test of the asymmetric pure shear, asymmetric simple shear, and ridge jumping models against these data suggest that most likely, rifting is or has been occurring in the asymmetric pure shear or high-angle simple shear mode centered on a system of faults adjacent to the continental margin of $valbard. One must also consider the case for an eastward jumping ridge as is suggested not only by the good fit to the data but also by the occurrence of These two bands of high heat flow located more than 70-150 km off the axis of the Knipovich Ridge conflict with the theory that intrusion, extension, and rifting are initiated along only one fault. Instead, the data suggest that when rifting occurs along and within a formerly active continental shear zone, the region of extension may not be limited to only one narrow fault but could occur first over several faults many tens of kilometers apart or could relocate from one fault to another, el-eating a net asymmetric pattern of heat flow and topography in the process.
We suggest that the present Knipovich Ridge plate boundary was borrowed from preexisting fault(s) withi• the ancient Spitsbergen Shear Zone. That one or several faults may still be actively inclined beneath Svalbard is suggested by the high concentration of seismic activity within the Eurasian plate adjacent to and on Svalbard contrasting to the low level of seismicity on the opposing North American plate.
To verify that the Knipovich Ridge has always been located within the ancient Spitsbergen Shear Zone and that this ancient shear is the major fault system along which present-day rifting is taking place, one needs to collect more heat flow and structural data between the Knipovich Ridge 
